Hanford Seismic Monitoring provides an uninterrupted collection of highquality raw and processed seismic data fiom the Hanford Seismic Network (HSN) for the U.S. Department 
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Structural and 1.1
Documentation
The Seismic Monitoring Project issues quarterly reports of local activity, an annual catalog of earthquake activity on and near the Hanford Site, and special-interest bulletins on local seismic events. The annual catalog includes the fourth quarter report for the fiscal year. Hanford Seismic Monitoring also provides information and special reports to other functions as requested. Earthquake information provided in these reports is subject to revisions if new data become available. 11 9"-45' 11 9"-30' 11 9"-15' 11 9"-00' Table 1 for description of locations) Table 2 for location descriptions)
2.4

Station Maintenance
Network
W o r d
The HSN's maintenance records for the seismic sensor and relay sites are filed in the Hanford Seismic Monitoring office. Periods of major outage are addressed in this report. Table 3 shows the operational percentage time for each network. Periods of major outages are addressed in this report. 
Data Acquisition
Seismic data are recorded at the 337 building. The W o r d Seismic Network is divided into subnetworks using weighted factors to minimize false triggers but still allow very small seismic events to be recorded. All events that trigger the acquisition computer are analyzed for complex events. Complex events are more than one earthquake or an earthquake contained within a record triggered by another source. Table 4 shows the number of each event type recorded during the fourth quarter. Layer (km)
Coda Length Magnitude
Coda-length magnitude (MJ, an estimate of local magnitude (ML.) (Richter 1958) , is calculated using the coda-length/magnitude relationship determined for Washington by Crosson (1972).
Velocity Model
The velocities and layer depths given in 
Quality Factors (Q)
XPED assigns a two-letter Quality factor ( of the location uncertainty also S e c t this quality parameter). The second letter of the quality code is related to the spatial distribution of stations that contribute to the event's location, including the number of stations (NS), the number of p-wave and s-wave phases (NP), the largest gap in event-station azimuth distribution (GAP), and the closest distance from the epicenter to a station OMIN). Quahty A requires a solution with NP > 8, GAP < go", and DMIN < 5 km (or the hypocenter depth if it is greater than 5 km).
IfNP 1 5 , GAP > 180°, or DMIN > 50 km, the solution is assigned Quality D. Q:
TYPE:
The identification number is created by the analysis program XPED. XPED uses the year, month, day and time to create a unique number for each event.
The year and day of the year in Universal Time Coordinated (UTC). UTC is used throughout this report unless otherwise indicated.
The origin time of the earthquake given in UTC. To covert UTC to Pacific Standard Time, subtract eight hours; to Pacific Daylight Time, subtract seven hours.
North latitude, in degrees and minutes, of the earthquake epicenter.
West longitude, in degrees and minutes, of the earthquake epicenter.
The depth of the earthquake in kilometers (km).
The magnitude is expressed as Coda-Length magnitude M,, an estimate of local magnitude ML (Richter 1958) . If Magnitude is blank no determination could be made.
Azimuthal gap. The largest angle (relative to the epicenter) containing no stations.
The distance from the earthquake epicenter to the closest station Number of stationshumber of phases used in the solutions.
The root-mean-square residual (observed arrival times minus the predicted arrival times) at all stations used to locate the earthquake. It is only useful as a measure of quality of the solution when five or more well-distributed stations are used in the solution. Good solutions are normally characterized by RMS values of less than about 0.3 seconds.
The Quality Factors indicate the general reliability of the solutiodlocation (A is best quality, D is worst). See Section 3.3 of this report: Quality Factors.
P is Probable Blast; X is Confirmed Blast; F is Felt Earthquake; H is hand picked from helicorder; S is surficial event (rock slide, avalanche) and not a explosion or tectonic earthquake; blank is local earthquake. Studies of seismicity at the Hanford Site have shown that the seismicity is related to crustal stratigraphy (layers of rock types) (Rohay et al. 1985; DOE 1988) . The main geologic units at Hanford and the surrounding area are:
4.0 Geology and Tectonic Analysis
The Miocene Columbia River Basalt Group (CRBG) 0 The Paleocene, Eocene, and Oligocene sediments 0 The crystalline basement (Precambrian and Paleozoic craton; accreted terranes).
Geologic Structure Beneath the Monitored Area
Between the late 1950s and the early 198Os, deep boreholes were drilled for hydrocarbon exploration. These boreholes provided accurate measurements of the physical properties of the CRBG and the prebasalt sediments (Reidel et al. 1989 (Reidel et al. , 1994 , but the thickness of the pre-basalt sediments and nature of the crystalline basement are still poorly understood. The difference between the thicknesses listed in Table 7 and the thicknesses of the crustal layers in the velocity model in Table 5 reflect data specific to the University of Washington's crustal velocity model for eastern Washington. Table 7 is derived from Figure 3 and was developed for the geologic interpretation in Section 4.0. Figure 3 shows north-south and eastwest cross sections through the Columbia Basin based on the surface mapping, deep boreholes, geophysical data (including the work of Rohay et al. [1985] ), and magnetotelluric data obtained as part of BWIP (DOE 1988) . The thicknesses of these units are highly variable across the monitored area. Table 7 summarizes the approximate thicknesses at the borders of the monitored area. 
Depth of Earthquakes
Since records have been kept, about 75 percent of the earthquakes at the W o r d Site have originated in the CRBG layer. The pre-basalt sediments have had about 7 percent of the events and the crystalline basement has had 18 percent.
For the second quarter of FY98,14 events were located ( Table 6 ); 7 events (50%) in the basalt, 3 events (21%) in the pre-basalt sediments, and 4 events (29%) in the crystalline basement.
Tectonic Pattern
Studies at the Hanford Site have concluded that earthquakes that can affect the Hanford Site can occur in the following six different tectonic environments (earthquake sources) at the W o r d Site (Geomatrix 1996) . 0 Reversdthrust faults. Reverse/thrust hults in the CRBG associated with major anticlinal ridges such as Rattlesnake Mountain, Yakima Ridge, and Umtanum Ridge could produce some of the largest earthquakes.
0 Secondary faults. These are associated with the major anticlinal ridges. Swarm areas. Small geographic areas of unknown geologic structure produce clusters of events (swarms), usually in the CRBG in synclinal valleys. These clusters consist of a series of small shocks with no outstanding principal event. Swarms occur over a period of days or months and the events may number into the hundreds and then quit, only to start again at a later date. This differs fiom the sequence of foreshocks, mainshock, and trailing-off aftershocks that have the same epicenter or are associated with the same fault system. Three principal swarm areas are known at the W o r d Site. One is the Wooded Island Swarm Area along the Columbia River near the 300 Area. The second area, the Coyote Rapids Swarm Area, extends fiom the vicinity of the 100 K Area north-northeast along the Columbia River Horn to the vicinity of the 100 N Area. The third major swarm area is along the Saddle Mountains on the northern boundary of the Hanford Site. Other earthquake swarm areas are present, but activity is less frequent.
4.3
0 The entire Columbia Basin. The entire basin, including the Hanford Site, could produce a "floating" earthquake. A floating earthquake is one that, for seismic design purposes, can happen anywhere in a tectonic province and is not associated with any known geologic structure. It is classified as a random event by Seismic Monitoring for purposes of seismic design and vibratory ground motion studies.
Basement source structures. Studies (Geomatrix 1996) suggest that major earthquakes can originate in tectonic structures in the crystalline basement. Because little is known about geologic structures in the crystalline basement beneath the Hanford Site, earthquakes cannot be directly tied to a mapped fault. Earthquakes occurring in the crystalline basement without known sources are treated as random events for seismic hazards analysis and seismic design.
The Cascadia Subduction Zone. This source recently has been postulated to be capable of producing a magnitude 9 earthquake. Because this source is along the western boundary of Washington State and outside the HSN, the Cascadia Subduction Zone is not an earthquake source that is monitored at the Hanford Site, so subduction zone earthquakes are not reported here. Because any earthquake along the Cascadia Subduction zone can have a significant impact on the Hanford Site (Geomatrix 1996) , the University of Washington monitors and reports on this earthquake source for the U.S. Department of Energy (DOE). Ground motion from any moderate or larger Cascadia Subduction Zone earthquake is detected by seismometers in the HSN.
Current Tectonic Activity
The locations of all events with M, greater than 0.5 that occurred between January 1, 1998 and March 3 1, 1998 are shown on Figure 4 . The locations of all seismic events from October 1, 1997 to March 3 1, 1998) are shown in Figure 5 . Figure 6 is a tectonic map of the Yakima Fold Belt and Hanford Site. The Yakima Fold Belt is the main tectonic province of concern for the Hanford Site. The figure shows all the major mapped ridges and faults that are potential seismic sources. These figures should be referred to for the following discussions.
